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<0)0-.(FG32H(#)<(")(()*&%+(IJB(01(")!"#$%+(/+%%.(#-+(()*&%+(#)<(>"&*08&(<0)0-.(FG32H(
F&#$%+(I2J(1"=8-+(I2KH6(D)($0&*(/#.+.(&*+(<".&-"$8&"0)(01(<+#<(/+%%.(>#.(/0:,#-+<(&0(&*+(
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FY0.+#8%")(+&(#%9(MQQRH(.8==+.&")=(&*#&(4:/A(<0+.()0&(,%#'(.8/*(#(/-8/"#%(-0%+(")(.+2345(
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(
D)( &*+( ")<8/"$%+(.'.&+:(":,-")&")=(#&()".4( ".(,-+!+)&+<($'(&-#)./-",&"0)(&*-08=*(&*+(
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&*#&(%#-=+(/8%&8-+.(01(/+%%.(/#)($+(=-0>)(#)<(")<8/+<(.":8%&#)+08.%'6(4&-#").(/#)(#%.0(
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WT smc6-74 smc6-X 
Generation Expected Viability Actual Viability Chi Squared Actual Viability Chi Squared Actual Viability Chi Squared 
Sisters 
F2 2 1.5 
0.291761183 
1.27 
0.145736117 
1.3 
0.965594724 
F3 4 2.9 1.45 2.5 
F4 8 5.2 2.8 4.9 
F5 16 9.9 4 8.6 
Parent 
F2 4 3.4 
0.089072809 
3.1 
0.014504119 
3.6 
0.830438518 
F3 8 6.1 4.18 5.6 
F4 16 11.4 6.18 10 
F5 32 19.8 7.6 16.2 
WT smc6-74 smc6-X 
Generation Expected Viability Actual Viability Chi Squared Actual Viability Chi Squared Actual Viability Chi Squared 
Sisters 
F2 2 1.80 
0.678668815 
1.9 
0.312349923 
1.18 
0.005583426 
F3 4 3.20 2.8 1.70 
F4 8 6.8 5.6 2.80 
F5 16 11.7 9.7 5.00 
Parent 
F2 4 3.50 
0.148243952 
3.90 
0.065224702 
3.60 
0.012791554 
F3 8 6.09 6.00 5.60 
F4 16 11.30 10.70 10.00 
F5 32 21.50 19.40 16.20 
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2%#%3/-+,%+-#%'-&/_6"&/-!#.?BL-7*&-&/:%"&8-
-
97+/&- "126.+"*1-*7-+,/-.7CS!^-+,/-WX-&/:%"&-2/7/.+"0/-)567,-(-)567'--%12-)85,--./$$5-
/$*13%+/2-)6+- "#$%&.! ;7"36&/-LC?E(-4,"$/-2/7/.+"0/- "1- &/:%"&(- 2"2-1*+(- .*15"5+/1+-4"+,-
+,/-.,/.N:*"1+-#%"1+/1%1./-2/7/.+8-D,"5-,"3,$"3,+5-+,/-2"77/&/1./-)/+4//1-5/CS!^-%12-
.7CS!^-&/:%"&8-^*+,-"#$%-#6+%1+5-%&/-2/7/.+"0/-"1-5/CS!^-&/:%"&-%12-+,/-./$$5-/$*13%+/-
;5/.+"*1-?8>8E8-D,"5-"5-61/O:/.+/2-%5-"1-&/5:*15/-+*-*+,/&-+':/5-*7-2%#%3/-;VX-;7"36&/-LC
\E-%12-We-;9#:%+M"2*6-/+8-%$-=JJLE-"#$%-#6+%1+5-2/$%'-$"N/-UD-)6+-+,/1-/1+/&-#"+*5"5-
%12- f.6+g8- D,"5- 5633/5+5- +,%+- +,/- :&*./55"13- 2/7/.+- "1- 5/CS!^- &/:%"&- $/%25- +*- +,/-
%..6#6$%+"*1-*7-55ST9-4,".,-.*1+"16/5-+*-5"31%$-+*-+,/-ST9-2%#%3/-.,/.N:*"1+8-D,/-
N"1/+".5- *7- &/:%"&- "1-UD- %12- "#$%- #6+%1+5- "5- /O:$*&/2- "1- 76&+,/&- 2/+%"$- "1- +,/- 1/O+-
.,%:+/&8-
-
-
-
-
-
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89-:,&0!;!<!8&==!(7(=&!-.-=7'1'!->,&0!'&?@6A!1.*)(,13.!
-
;#B#B!4.,03*)(,13.!
V1- 9:! 6;#<=- ./$$5- 5:/12- #*5+- *7- +,/"&- +"#/- "1- [=8- [<- "5- 0/&'- 5,*&+- %12- !- :,%5/- "5-
"1"+"%+/2- .*"1."2/1+$'- 4"+,- 5/:+%+"*1(- 4,/&/- %- +,&//- $%'/&/2- 5+&6.+6&/- *7- ^C[$6.%1(-
N1*41-%5-+,/-5/:+6#--;h6)/1N*-/+-%$8(-<QGQE7*&#5-"1-+,/-./1+&/-*7-+,/-./$$-%12-,/$:5-+*-
"1"+"%+/- ./$$- 2"0"5"*18- D,/- ./$$- 5/:+6#- .%1- )/- 0"56%$"5/2- 612/&- %- 7$6*&/5./1./-
#".&*5.*:/-65"13-%-5+%"1-.%$$/2-.%$.*7$6*&- +,%+-)"125- +,/-./1+&%$-:&"#%&'-5+&6.+6&/-*7-
+,/-5/:+6#8-V+-"5-+,/1-:*55")$/-+*-#".&*5.*:".%$$'-7*$$*4-%12-+*-/5+"#%+/-+,/-+"#"13-*7-!-
:,%5/-4"+,-+,/-%22"+"*1-*7-S9HV-;>g(LC2"%#"2"1*C=C:,/1'$"12*$/E-+*-0"56%$"5/-+,/-ST98-
!
V1- &/5:*15/- +*- ST9- 2%#%3/- ./$$5- 2/$%'- ./$$- .'.$/- :&*3&/55"*18- V1- ./$$5- +,%+- .%1-
/77"."/1+$'-&/:%"&-+,/-2/$%'-"5-5,*&+-)6+-./$$5-+,%+-%&/-.,/.N:*"1+-:&*7"."/1+-)6+-.%11*+-
&/:%"&-ST9-2%#%3/-%-$*13-2/$%'-"5-5//1-%12(-%5-./$$5-.*1+"16/-+*-%..6#6$%+/-#%55(-+,"5-
.*&&/$%+/5- 4"+,- %1- "1.&/%5/- "1- ./$$- $/13+,8- D,/5/- ./$$5- #%'- /0/1+6%$$'- 2"0"2/- %12-
56&0"0/(-,*4/0/&(-#%1'-2"/- "1-%1-/$*13%+/2-5+%+/8-Y/$$5-+,%+-%&/-1*+-%)$/-+*-+&"33/&-%-
.,/.N:*"1+-&/5:*15/(-7%"$-+*-/$*13%+/-%12-/1+/&-#"+*5"5-4"+,-2%#%3/2-ST9(-$/%2"13-+*-
#"+*+".- .%+%5+&*:,/- %5- ./$$5- 7%"$- +*- 5/3&/3%+/- +,/"&- .,&*#*5*#/5- %12- +,/- 16.$/65- "5-
)"5/.+/2-)'-+,/-5/:+6#(-%-:,/1*#/1*1-N1*41-%5-%-f.6+g-./$$-:,/1*+':/-;W"&%1*-/+-%$8(-
<Q\LE8-D,/-f.6+g-./$$-:,/1*+':/-"5-5//1-"1-)*+,-"#$%&.-%12-"#$%&'(-%7+/&-/O:*56&/-+*-
3%##%- "&&%2"%+"*1- )6+- "1- +,"5- .%5/- +,/- ./$$5- 2/$%'- #"+*5"5- 5"#"$%&$'- +*- UD- )/7*&/-
612/&3*"13- #"+*+".- .%+%5+&*:,/- ;7"36&/- LC\E8- D,"5- ,%5- )//1- 2/7"1/2- %5- %- .,/.N:*"1+-
#%"1+/1%1./- 2/7/.+- ;P/&N%2/- /+- %$- <QQQE- %12- 5633/5+5- +,%+- 4,"$/- +,/- .,/.N:*"1+- "5-
%.+"0%+/2-1*&#%$$'-"1-)*+,-#6+%1+5-&/:%"&-"5-1*+-.*#:$/+/2-)6+-3/+5-+*-+,/-:*"1+-4,/&/-
"+-1*-$*13/&-5"31%$5-+*-+,/-ST9-2%#%3/-.,/.N:*"1+-)/7*&/-#"+*5"58---
!
D,/- /$*13%+/2- ./$$5- "1- "#$%&.(- "#$%&'((- #0"1,-- %12- WX- #6+%1+5- 5//1- 26&"13-
#".&*.*$*1'- %1%$'5"5- *7- 5/CS!^- &/:%"&- ;5/.+"*1- ?8KE- 5633/5+- +,%+- +,/- "1%)"$"+'- *7- +,/-
#6+%1+- +*- &/:%"&- +,/- 5/CS!^- $/%25- +*- %- 2/$%'- "1- ./$$- .'.$/- :&*3&/55"*18- U,"$/- +,"5-
/O:/.+/2-7*&-#0"1,--*&-WX-#6+%1+5(-"+-"5-%1-61/O:/.+/2-&/56$+-7*&-"#$%&.-%12-"#$%&'(-
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%5-"+-5633/5+5-+,%+-"1-&/5:*15/-+*-%-5/CS!^-)*+,-#6+%1+5-%&/-%)$/-+*-)*+,-%.+"0%+/-%12-
#%"1+%"1-+,/-.,/.N:*"1+8-
-
D,"5-.,%:+/&-2/5.&")/5-65"13-5'1.,&*1"5/2-.6$+6&/5-+*-5+62'-&/:%"&-+,/-5/CS!^-+*-%55/55-
+,/- +"#"13- *7- /0/1+5(- +,/- :/&./1+%3/- *7- ./$$5- +,%+- %&/- /$*13%+/2- %12- +,/- 4,/+,/&-
/$*13%+/2-./$$5-2"0"2/8--
!
;#B#C! 8&==?(7(=&! -.-=7'1'! '93/'! ,9-,! '&?@6A! 1.*)(,13.! *3&'! .3,! *&=-7! (&==?(7(=&!
:03D0&''13.!>30!EF!G),!*3&'!1.!G3,9!!"#$%(!-.*!!"#$%&'!
V1- +,/- "1"+"%$-%1%$'5"5-*7- +,/-UD(-"#$%&.-%12-"#$%&'(- ./$$5-4/&/-5'1.,&*1"5/2-)/7*&/-
"126.+"*18-D*-7*$$*4-./$$-.'.$/-:&*3&/55"*1-$%&3/-.6$+6&/5-4/&/-3&*41-"1-56::$/#/1+/2-
$"_6"2-iRR-%12-5'1.,&*1"5/2-"1-[=-65"13-%-$%.+*5/-3&%2"/1+-;%5-2/5.&")/2-"1-=8K8<E-+,/-
5/CS!^- 4%5- "126./2- "1- +,/-#*5+- 5'1.,&*1*65- 7&%.+"*1- *7- ./$$5- %12- 5%#:$/5- 7"O/2- "1-
#/+,%1*$-/0/&'-=J-#"16+/5-*0/&-%-<=-,*6&- +"#/-.*6&5/8-D,/-./$$5-4/&/- 5+%"1/2-4"+,-
S9HV-%12-Y%$.*7$6*&-;5/.+"*1-=8K8KE-%12-5.*&/2-612/&-+,/-#".&*5.*:/8-D,/-:/&./1+%3/-
*7-5/:+%+"13-./$$5-4%5-.%$.6$%+/2-+*-2/+/&#"1/-+,/-!/:+%+"*1-V12/O-;!VE8-D,/-!V-"5-:$*++/2-
%3%"15+- +"#/- +*- 5,*4- +,/- ./$$- .'.$/-:&*3&/55"*1- %12- 5"1./- !- :,%5/- "5- .*"1."2/1+-4"+,-
5/:+%+"*1-+,"5-:$*+-"5-%$5*-%-#/%56&/-*7-4,/1-!-:,%5/-*..6&58-
-
V126.+"*1-*7-+,/-5/CS!^-)'-&/:&/55"*1-*7->#*,-+&%15.&":+"*1-"1-+,/-[=-./$$5-4*6$2-$/%2-
+*- "#:&"1+"13- "1- +,/- 7"&5+- !-:,%5/- ;.*"1."2/1+-4"+,- 5/:+%+"*1-:/%N-<E- %12- +,/1- "1- +,/-
5/.*12-!-:,%5/-;.*"1."2/1+-4"+,-5/:+%+"*1-:/%N-=E-5/CS!^-7*&#%+"*1-"1-+,/-?J]-*7-./$$5-
+,%+-"1,/&"+/2-+,/-$%33"13-5+&%12-%12-"#:&"1+"13-"1-+,/-*+,/&-?J]-*7-./$$58-D,/-+"#"13-*7-
5/:+%+"*1-:/%N-K-"1-+,/-K&2-./$$-.'.$/-4"$$-)/-2/:/12/1+-*1-+,/-#"+*+".-2/$%'-%7+/&-+,/-
5/CS!^- "1- +,/- 5/.*12- ./$$- .'.$/8- D,65- .*#:%&"5*1- *7- +,/- ./$$- .'.$/- $/13+,5- )/+4//1-
5/:+%+"*1-:/%N5-3"0/5-%-#/%56&/-*7-#"+*+".-2/$%'8-!"1./-+,/&/-"5-1*-"1.&/%5/-"1-./$$-.'.$/-
$/13+,-+,"5-5633/5+5-+,%+-UD-./$$5-.%1-/77"."/1+$'-&/:%"&- +,/-5/CS!^-4"+,"1-+,/-1*&#%$-
./$$-.'.$/-+"#/8-
-
9#$%&'(-%12-"#$%&.-)*+,-:&*3&/55/2-+,&*63,-+,/-7"&5+-+4*-:/%N5-*7-5/:+%+"*1-5"#"$%&$'-
+*-UD-4"+,-%->-,*6&-2*6)$"13-+"#/8-V1-+,/-K&2-./$$-.'.$/-)*+,-#6+%1+5-5,*4/2-%-+,"&2-
5/:+%+"*1-:/%N-.$*5/-+*-?JJ-#"16+/5-%7+/&-"126.+"*1(-,*4/0/&-+,"5-:/%N-"5-$*4/&-;KJ]-
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7*&-"#$%&.-%12-KQ]-"1-"#$%&'(E8-d6&+,/&#*&/-"1-)*+,-*7-"#$%&.-%12-"#$%&'(-+,/&/-"5-
%1- %22"+"*1%$- :/%N- %+- %::&*O"#%+/$'- LLJ-#"16+/5- &*63,$'- ,%$7- %- ./$$- .'.$/- %7+/&- +,/-
+,"&2-:/%N8-D,"5-4%5-2/5"31%+/2-K8<-;7"36&/-GC<E8-
-
!'1.,&*1"5%+"*1-*7-#0"1,-!&/56$+/2-"1-%-:/%N-*7-?G]-%+-%&*612-LJ-#"16+/5(-7*$$*4/2-
)'-%-5/.*12-:/%N-*7-KK]-%+-KJJ-#"16+/58-W*4/0/&-"+-4%5-2"77".6$+-+*-2/+/.+-%-2"5+"1.+-
+,"&2-:/%N8-D,"5-.*6$2-)/-26/-+*-%-$*55-*7-5'1.,&*1'-+*4%&25-+,/-/12-*7-+,/-+"#/-.*6&5/-
*&-)/.%65/-#0"1,-- 7%"$5- +*- &/:%"&- +,/- 5/CS!^- $/%2"13- +*-%-#"+*+".-2/$%'-%5-/O:/.+/2-
)%5/2-*1-:&/0"*65$'-:6)$"5,/2-:/2"3&//-2%+%-;X*5/%6$"1-/+-%$8-=JJ\E-;7"36&/-GC<E8-
-
;#B#H!67.(903.1'-,13.!->,&0!,9&!>10',!6!:9-'&!(3.>10+'!,9&!:0&'&.(&!3>!-.!&I,0-!:&-J!
3>!'&:,-,13.!->,&0!'&?@6A!1.*)(,13.!1.!!"#$)+),-.,'!
D*- "10/5+"3%+/- +,/- +"#"13- %12- %::/%&%1./- *7- +,/- /O+&%- :/%N- *7- 5/:+%+"*1- "1- "#$%-
#6+%1+5- ./$$5- 4/&/- 3&*41- %5- :&/0"*65$'- 2/5.&")/2- )6+- 4/&/- 5'1.,&*1"5/2- %+- <\J-
#"16+/5- %7+/&- "126.+"*18- - D,"5- 3%0/- )/++/&- 5'1.,&*1'- +*- "10/5+"3%+/- ./$$- .'.$/-
:&*3&/55"*1- %7+/&- ?JJ- #"16+/58- D"#/- :*"1+5- 4/&/- +%N/1- 6:- +*- GJJ- #"16+/5- %7+/&-
"126.+"*18-
!
UD-5,*4/2-%-5"#"$%&-:&*7"$/-*7-./$$-.'.$/-:&*3&/55"*1-%5-)/7*&/8-9-:/%N-*7-5/:+%+"*1-%+-
KJJ-#"16+/5- ;!V-*7-?J]E-.*&&/5:*12/2- +*- +,/-!-:,%5/-4,/1- +,/- 5/CS!^- "5- 7*&#/28-9-
5/.*12- :/%N- .*&&/5:*12"13- +*- +,/- +,"&2- !- :,%5/- ;!V- I- =L]E-4%5- 5//1- Z65+- %7+/&- ?JJ-
#"16+/58-9+-+"#/-M/&*-%-5%#:$/-4%5-+%N/1-:&"*&-+*-"126.+"*1-"1-*&2/&-+*-/5+%)$"5,-+,/-!V-
)/7*&/- "126.+"*1- "1- +,/- %5'1.,&*1*65- .6$+6&/8- V1- UD- %5'1.,&*1*65- 5+&%"15- +,"5-
%5'1.,&*1*65- !V- 4%5- \]8- - - Y/$$- .'.$/- $/13+,- %::/%&5- +*- )/- )/+4//1- +,&//- %12- 7*6&-
,*6&5-)6+-"5-0%&"%)$/-)'-%)*6+-=J-#"16+/5-)/+4//1-/O:/&"#/1+5-;7"36&/-GC=E8-
-
9#$%&'(-%12-"#$%&.-)*+,-5,*4/2-./$$-.'.$/-:&*3&/55"*1-+,%+-4%5-.*15"5+/1+-4"+,-+,/-
2%+%-5//1-"1-+,/-:&/0"*65-%1%$'5"58-V1-)*+,-5+&%"15-+,/&/-4%5-"1"+"%$-5/:+%+"*1-:/%N-;!V-I-
KJC>J]E-%+-KLJ-#"16+/5(-+,"5-:/%N-.*&&/5:*125-+*-+,/-5/CS!^-"1-?J]-*7-+,/-./$$58-D,/&/-
4%5- %- 2*6)$/- :/%N- *7- 5/:+%+"*1- 7*$$*4"13- 5/CS!^- !- :,%5/- 4"+,- %- !V- *7- =J]- %+- ?JJ-
#"16+/5-;:/%N-KE-%12-%&*612-=J]-%+-L=J-#"16+/5-;:/%N-K8<E8-
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D,"5- 2*6)$/- :/%N- 4%5- 5//1- "1- )*+,- "#$%&.- %12- "#$%&'(- "1- +,&//- "12/:/12/1+-
/O:/&"#/1+5(-%$+,*63,-+,/-:&/."5/-+"#"13-*7-+,/-:/%N5-0%&"/2-5$"3,+$'8-D,/-2*6)$/-:/%N-
5633/5+5- +,%+- +,/&/- %&/- +4*- :*:6$%+"*15- *7- ./$$5- 4,/&/- ,%$7- +,/- ./$$5- %&/- /1+/&"13-
#"+*5"5-%+-:/%N-K-%12-,%$7-%+-:/%N-K8<8-!"1./-+,/-5/CS!^-"5-"126./2-"1-+,/-2%63,+/&-./$$5-
+,%+- "1,/&"+-+,/- "#:&"1+/2- $%33"13-5+&%12(-*1$'-?J]-*7-./$$5-4"$$-)/-612/&3*"13-&/:%"&8-
D,/- 2%63,+/&5- +,%+- "1,/&"+- +,/- $/%2"13- 5+&%12- 4"$$- "#:&"1+- %12- 5*- ,%0/- ./$$- .'.$/-
:&*3&/55"*1-N"1/+".5-5"#"$%&-+*-+,/-"#:&"1+"13-./$$5-"1-+,/-:&/0"*65-.'.$/8-D,65-:/%N-K-"5-
$"N/$'-+*-.*15"5+-*7-"#:&"1+"13-./$$58--D,"5-5633/5+5-+,%+-:/%N-K8<-"5-.*#:*5/2-*7-./$$5-"1-
4,".,- +,/- 5/CS!^-4%5- "126./2- %12- 2/7/.+"0/- *&- "1/77"."/1+- &/:%"&- $/2- +*- %- ./$$- .'.$/-
2/$%'-*7-%::&*O"#%+/$'-<=J-#"18--
-
#0"1,--5,*4/2-+,/-.$/%&-:/%N-*7-5/:+%+"*1-%+-%&*612-KJJ-#"16+/5-4"+,-%1-!V-*7-K?](-
4,/1-+,/-5/CS!^-5,*6$2-*..6&-"1-?J]-*7-./$$58-H/%N-K-%::/%&/2-5$"3,+$'-2/$%'/2-%+-??J-
#"16+/5(-.*15"5+/1+-4"+,-+,/-5$*4-3&*4+,-:,/1*+':/(-%12-4%5-%$5*-$*4/&-+,%1-"1-UD8-
W*4/0/&(- 61$"N/- "#$%&.- %12- "#$%&'(- +,/&/- 4%5- 1*- 2"5+"1.+- %22"+"*1%$- :/%N- K8<-
5633/5+"13- +,%+- &/:%"&- 2/7"."/1+-#0"1,-- ./$$5- 2*- 1*+- /1+/&- #"+*5"5- *&- %+- $/%5+- 1*+-
5'1.,&*1*65$'-4"+,"1-+,/-+"#/-.*6&5/-*7-+,/-/O:/&"#/1+8--
!
;#C#B!K.-=7'1'!3>!(&==!=&.D,9!32&0!,1+&!(3)0'&!3>!'&?@6A!1.*)(,13.!
95- "1.&/%5/2- ./$$- $/13+,-4%5- 5,*41- +*- )/- %- 7/%+6&/- *7- 5+&%"15-4"+,- &/26./2- 0"%)"$"+'-
%7+/&- &/:%"&"13- +,/- 5/CS!^- ;5/.+"*1- ?8K- %12- ?8>E(- ./$$- 5%#:$/5- ,%&0/5+/2- 7&*#- +,/- <=-
,*6&- +"#/- .*6&5/- %1%$'5/2- 65"13- +,/- S/$+%0"5"*1- Y*&/SP- #".&*5.*:/8- Y/$$5- 5%#:$/5-
7&*#-+,/-:/%N5-*7-5/:+%+"*1-%+-=(-K-%12-K8<-%5-4/$$-%5-%1-%5'1.,&*1*65-.*1+&*$-%+-+"#/-
J-#"16+/5-4/&/-7"O/2-"1-#/+,%1*$-%12-5+%"1/2-4"+,-S9HVBY%$.*7$6*&8--
-
V1-UD- 5+&%"15- +,/- %0/&%3/- ./$$- $/13+,- "1- +,/- %5'1.,&*1*65- .6$+6&/5- )/7*&/- "126.+"*1-
;+"#/-:*"1+-JE-4%5-<<8L<-@#-%12-"1-5/:+%+"*1-:/%N-K-./$$-$/13+,-&%13/2-7&*#-<<8L<-@#-
+*-<=8G-@#-4,".,-"5-1*+-%-5"31"7".%1+-"1.&/%5/-;HIJ8<LQ-:%"&/2-D+/5+E8-D,"5-"5-$*13/&-+,%1-
+,/- +':".%$- $/13+,-*7-9:!6;#<=- ./$$5(-)6+-#%'-)/-26/- +*-5+&%"1-)%.N3&*612-*&-3&*4+,-
.*12"+"*15-"1-+,/-#"1"#%$-#/2"%8--
-
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V1-"#$%&'(-%0/&%3/-./$$-$/13+,-2"2-1*+-5"31"7".%1+$'-"1.&/%5/-7&*#-+"#/-:*"1+-J-+*-:/%N-
K(- ;<J8>L- @#- +*- <<8<?- @#- ;HIJ8<KQEE(- ,*4/0/&- %+- :/%N- K8<- +,/- %0/&%3/- ./$$- 5"M/-
"1.&/%5/5-+*-<K8QK-@#8-D,"5-"1.&/%5/-"5-5"31"7".%1+8-^*+,-%0/&%3/-5"M/-%12-+,/-&%13/-*7-
./$$- $/13+,5- "1.&/%5/28-D"#/-J-,%5-%- &%13/-*7-\C<L-@#(-:/%N-=-%12-K- 7&*#-<JC<K-@#-
,*4/0/&- :/%N- K8<- ,%5- %- $%&3/- "1.&/%5/- "1- +,"5- &%13/- 7&*#- <<- @#- +*- KJ- @#8- D,"5- "5-
.*15"5+/1+- 4"+,- 2/7/.+"0/- &/:%"&- *7- +,/- 5/CS!^- $/%2"13- +*- %- .,/.N:*"1+- 2/$%'- %12-
/$*13%+/2-./$$5-;7"36&/-GCKE8-
-
9#$%&.-5,*4/2-%-5"#"$%&-:,/1*+':/-+*-"#$%&'((-4"+,-%1-%0/&%3/-./$$- $/13+,-*7-<=8<=-
@#-"1-%5'1.,&*1*65-./$$5(-<=8==-@#-%7+/&-"126.+"*1-%+-:/%N-=8-D,"5-%0/&%3/-$/13+,-2"2-
1*+- "1.&/%5/- 76&+,/&- %+- :/%N- K(- 4"+,- %1- %0/&%3/- <K8>L- @#8- D,/&/- "5- %- 5+%+"5+".%$$'-
5"31"7".%1+- "1.&/%5/- "1-%0/&%3/-5"M/-%+-:/%N-K8<- +*-<?8?=-@#-%5-4/$$-%5-%1- "1.&/%5/-*7-
&%13/- 7&*#- <J- +*- KJ- @#8- D,"5- :,/1*+':/- "5- 5"#"$%&- +*- "#$%&'(- )6+- #*&/- 5/0/&/(-
.*15"5+/1+-4"+,-"+5-#*&/-5/0/&/-&/:%"&-%12-3&*4+,-2/7/.+8--
-
20"1,--"5-61%)$/-+*-:&*./55-+,/-5/CS!^(-./$$5-,':/&-/$*13%+/-%12-2"/-;X*5/%6$"1-/+-%$8(-
=JJ\E8-R".&*5.*:'-2%+%- 7&*#- +,"5- %1%$'5"5-4%5- .*15"5+/1+-4"+,- +,"5- %5- ./$$5- )/3%1- +*-
/$*13%+/-5"31"7".%1+$'-7&*#-:/%N-=-*14%&25(-4"+,-,':/&-/$*13%+/2-./$$5-%5-$*13-%5-KJ@#-
5//1-%+-:/%N-K-%12-*14%&258-D,/5/-./$$5-2*-1*+-/1+/&-#"+*5"5-%12-+,/&/7*&/-+,/-2/7/.+-
5//1-"1-#0"1,--"5-2"5+"1.+-7&*#-+,%+-5//1-"1-+,/-"#$%&.-%12-"#$%&'(-#6+%1+5-;7"36&/-GC
KE8--
!
;#C#C! 4.! !"#$%(! -.*! !"#$%&'! ()=,)0&'! &=3.D-,&*! (&=='! -(()+)=-,&! ->,&0! :&-J! H! -.*!
*121*&!-,!:&-J!H#B!
D*-76&+,/&-.%+/3*&"5/-+,/-./$$-.'.$/-:&*3&/55"*1-*7-/$*13%+/2-./$$5-+,/-5/:+%+"13-./$$5-%+-
/%.,-+"#/-:*"1+-4/&/-#/%56&/2-65"13-+,/-!*7+4&O-#/%56&"13-+**$-%12-.*#:%&/2-+*-+,/-
#/%1-%12-5+%12%&2-2/0"%+"*1-7*&-+,/-%5'1.,&*1*65-61"126./2-.6$+6&/-;+"#/-:*"1+-JE8-
Y/$$5-4/&/-+,/1-2"0"2/2-"1+*-.%+/3*&"/5-j-./$$5-2/7"1/2-%5-f1*&#%$g-4/&/-./$$-$/13+,-4%5-
4"+,"1- *1/- 5+%12%&2- 2/0"%+"*1- 7&*#- +,/-#/%18- 91'- ./$$5- $*13/&- *&- 5,*&+/&- +,%1- +,/-
#/%1-ABC-+,/-5+%12%&2-2/0"%+"*1-4/&/-.%+/3*&"5/2-%5-f$*13g-*&-f5,*&+g-&/5:/.+"0/$'8-D,/-
5/:+%+"*1-"12/O-4%5-.%$.6$%+/2-7*&-1*&#%$-%12-$*13-./$$5-"12"0"26%$$'8-
 !" # $" $%&"
!
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#
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$%&'/""""""""&&'()%*+,&-"./0%%%%%&1')%*&2,&-"./0%
$%&'()*####&&'(3%*&2,&-"./0%%%&&'&4%*&2,&-"./0%%%%%&-'+-%*&&,-2"./0%
$%&'(0#!!!!!&-'&)%*&2,&("./0%%%&-'3(%*&2,&("./0%%%%%&4'41%*&2,-2"./0%
%,$-.#######&-'2)%*&&,&3%./0%%%&-'3(%*&2,&("./0%
)*+,-."/0$0"123.45+6572"78"9.::":.2+;<"6;"4.=;6572"=.6>4"-.3.6:.?"
.:72+6;.?"9.::4"6;"=.6>"$%&"*2"$%&'"(,;62;4"
@.::4"<6-3.4;.?"8-7("4.=;6572"=.6>4"*2"4.=;6572"*2?.A".A=.-*(.2;4"
B.-."3*4,6:*4.?"CD"4;6*2*2+"2,9:.6-"EFG"B*;<"EGH1"62?";<."4.=;,("B*;<"
96:97I,7-%"J<."E.:;6"K*4*72"(*9-7497=."B64",4.?";7"7C;6*2"*(6+.4"62?"
L7MB7-A"B64",4.?";7"(.64,-.";<."9.::":.2+;<%"J<."63.-6+."9.::"4*N."62?"
-62+."87-".69<"4.=;6572"=.6>"B64"96:9,:6;.?"O4.."C7A7,;P%"
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9+-+"#/-:*"1+-J-UD-,%5-%1-%0/&%3/-./$$- $/13+,-*7-<<8L<-@#-%12-%-5+%12%&2-2/0"%+"*1-
;!SE-*7-J8QL8-Y/$$5-4/&/-2/7"1/2-%5-$*13-"7-+,/"&-./$$-$/13+,-4%5-3&/%+/&-+,%1-<=8L-@#8-9+-
:/%N-=-+,/-#%Z*&"+'-*7-./$$5-5/:+%+"13-4/&/-f1*&#%$g-4"+,-%1-!V-*7-><]-%12-%-!V-*7-G8JQ]-
7*&-/$*13%+/2-./$$58-H/%N-+,&//-4%5-4"2/&-%12-#*&/-2"7765/(-:/&5"5+"13-*0/&-\J-#"16+/5(-
4"+,-f1*&#%$g-$/13+,-./$$5-7*&#"13-+,/-#%Z*&"+'-*7-+,/-:/%N(-%&*612-LJ]-*7-+,/-+*+%$-!V8-
T*-2"5+"1.+-:/%N-"5-5//1-%7+/&-:/%N-K-;7"36&/-GC>E8-
!
V1! "#$%&'(- %+- +"#/- :*"1+- J- +,/- %0/&%3/- ./$$- $/13+,- 4%5- <J8>L- @#(- 4"+,- %- 5+%12%&2-
2/0"%+"*1- *7- <8>?8- Y/$$5- 3&/%+/&- +,%1- <<8Q- @#- 4/&/- .*15"2/&/2- $*138- V1- H/%N- =- +,/-
#%Z*&"+'-*7-5/:+%+"13-./$$5-4/&/-f1*&#%$g-4"+,-%-!V-*7-KJ]-.*#:%&/2-7*&-%-!V-*7-<<8=]-
7*&- $*13- ./$$58- D,/- #%Z*&"+'- *7- :/%N- K- "5- #%2/- 6:- *7- f1*&#%$g- $/13+,- ./$$5- 4"+,- %-
5/:+%+"*1-"12/O-*7-<?8<\]-f1*&#%$g-%12-K8>]-*7-f$*13g-./$$58-D,"5-.*1+&%5+/2-+*-:/%N-K8<-
4,/&/-f$*13g-./$$5-#%N/-6:-+,/-#%Z*&"+'-*7-+,/-:/%N-4"+,-%1-!V-<=]-.*#:%&/2-+*-%1-!V-
*7- ?8?L]- "1- f1*&#%$g- ./$$58- D,65(- H/%N- K8<- .*1+%"15- %- ,"3,- 16#)/&- *7- /$*13%+/2-
5/:+%+/2-./$$5(-.*15"5+/1+-4"+,-%-.,/.N:*"1+-2/$%'-$"N/$'-26/-+*-%-2/7/.+-"1-&/:%"&"13-+,/-
5/CS!^(-
-
"#$%&.-5,*45-%-5"#"$%&-:,/1*+':/-+*-+,%+-5//1-"1-"#$%&'(-4"+,-%1-%0/&%3/-$/13+,-*7-
<=8<-@#-%+-+"#/-:*"1+-J(-5+%12%&2-2/0"%+"*1-*7-J8Q>8-Y/$$5-4/&/-.$%55/2-%5-f$*13g-*0/&-
<K8\-@#8-95-4"+,- *+,/&- 5+&%"15(- +,/-#%Z*&"+'- *7- :/%N- =- %12- K- .*1+%"15- f1*&#%$g- ./$$5-
4"+,- !"5- *7- =G]-%12-<G8\]- &/5:/.+"0/$'8- H/%N-K8<- "5- 2*#"1%+/2-)'- f$*13g- ./$$5-4"+,- %-
5/:+%+"*1-"12/O-*7-<G8JG]-f$*13g-./$$5--;7"36&/-GC>E8-
-
V#:*&+%1+$'(- +,/5/- 2%+%- 5,*4- +,%+- +,/- "1.&/%5/- "1- %0/&%3/- ./$$- $/13+,- 5//1- "1- +,/-
:&/0"*65- %1%$'5"5- ;5/.+"*1- G8=8=E- .*&&/$%+/5- 4"+,- +,/- %22"+"*1%$- :/%N- %+- K8<- 5//1- "1-
"#$%&.- %12- "#$%&'(8- D,"5- 5633/5+5- +,%+- )/+4//1- :/%N- +4*- %12- :/%N- K8<- +,/-
:*:6$%+"*1-5:$"+5-"1-+4*-4,/&/-%::&*O"#%+/$'-,%$7-*7-+,/-./$$5-5/:+%+/-%+-+,/-/O:/.+/2-
+"#/- *7- %&*612- ?JJ- #"16+/5- %+- +,/- 1*&#%$- 5"M/8- D,/- *+,/&- ,%$7- *7- +,/- :*:6$%+"*1-
.*1+"16/5-+*-/$*13%+/-%12-/0/1+6%$$'-2"0"2/5-$%+/8-D,/-16#)/&-*7-/$*13%+/2-./$$5-+,%+-
.*1+"16/-+*-56&0"0/-%7+/&-+,"5-2/$%'/2-#"+*5"5-"5-61N1*418-V7(-%5-"5-$"N/$'(-+,/-2/$%'-"5-+,/-
&/56$+-*7-+,/-5/CS!^-+,/1-+,/-&/26.+"*1-"1-0"%)"$"+'-5//1-"1-"#$%&'(-%12-"#$%&.-+/+&%2-
%12-#".&*.*$*1'--
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%1%$'5/5-5633/5+-+,%+-%-:&*:*&+"*1-*7-+,/5/-./$$5-4"$$-1*+-56&0"0/8- V1-)*+,-"#$%&.!%12-
"#$%&'(-%+-+,/-/12-*7-+,/-K8<-:/%N-+,/&/-4/&/-5*#/-0/&'-$*13-./$$5(-kKJ-@#(-+,%+-,%2-
1*+-'/+-5/:+%+/2(-5633/5+"13-+,%+-1*+-%$$-./$$5-/1+/&-"1+*-#"+*5"58---
-
20"1,--,%2-%1-%0/&%3/-5"M/-*7-<=8?<-@#(-5+%12%&2-2/0"%+"*1-*7-<8>\-"1-%5'1.,&*1*65-
.6$+6&/5-%12-./$$5-4/&/-.*15"2/&/2-f$*13g-"7-+,/'-4/&/-$*13/&-+,%1-<K8QQ-@#8-95-4"+,-%$$-
*+,/&-5+&%"15-+,/-#%Z*&"+'-*7-./$$5-5/:+%+"13-"1-:/%N-+4*-%&/-f1*&#%$g-$/13+,-4"+,-%-!V-*7-
==8>]8-e1$"N/-*+,/&-5+&%"15-+,/-+,"&2-:/%N-*7-#0"1,--"5-#*&/-2"7765/(-5+&/+.,"13-*0/&-K-
,*6&5-7&*#->?J-#"16+/5-+*-GJJ-#"16+/58-!/:+%+"*1-5//#5-+*-.*1+"16/-+,&*63,*6+-+,/-
$%++/&-:%&+-*7-+,/-+"#/-.*6&5/-4"+,-%-5/:+%+"*1-:/%N-*7-f$*13g-./$$5-5//1-%+-?>?-#"16+/5-
4"+,-%-!V-*7-<L8Q]8-D,/-7%.+-+,%+-+,/-:/%N-"5-1*+-76$$'-&/5*$0/2-%12-+,%+-./$$5-.*1+"16/-+*-
/$*13%+/- "5- .*15"5+/1+- 4"+,- 2%+%- 5//1- "1- :&/0"*65$'- :6)$"5,/2- 5+62"/5- +,%+-R65\<- "5-
&/_6"&/2- +*- &/:%"&- +,/- 5/CS!^8- D,"5- &/5:*15/- +*- "126.+"*1- 5633/5+- +,%+- 2/$/+"*1- *7-
#0"1,-.%65/5-%-#*&/-5/0/&/-2/7/.+"0/-+,%1-+,%+-5//1-"1-"#$%&.-%12-"#$%&'(8-
-
;#L#B!8&==!(7(=&!:03D0&''13.!1.!,9&!(>?@6A!M*+,-.N!1.*)(1G=&!'7',&+!!
Y/$$- .'.$/- :&*3&/55"*1- 4%5- .,%&%.+/&"5/2- "1- +,/- .7CS!^- "126.+"*1- 5'5+/#- ;)*+,-E- %5-
%)*0/8!Y/$$-.'.$/-:&*3&/55"*1-"1-UD-)*+,--#6+%1+5-4%5-5"#"$%&-+*-)*+,/-4"+,-+4*-:/%N5-
2/+/.+/2-%+-K?J-%12-%::&*O"#%+/$'-?=J-#"16+/5-7&*#-"126.+"*1-&/5:/.+"0/$'-;7"36&/-GC
?E8--
-
!/:+%+"*1-4%5-:$*++/2-%5-"1-5/.+"*1-L8<8>-4,/&/-./$$5-4/&/-.*15"2/&/2-$*13-"7-+,/'-4/&/-
%)*0/- +,/- %0/&%3/- ./$$- $/13+,- :$65- +,/- 5+%12%&2- 2/0"%+"*1- %+- +"#/- J- %12- +,/-
:/&./1+%3/5-5/:+%+"*1-*7-f1*&#%$g-%12-f$*13g-./$$5-4/&/-:$*++/2-5/:%&%+/$'-*1-+,/-5%#/-
%O"58- - 9+- +"#/-J- +,/- %0/&%3/- ./$$- $/13+,- 7*&-UD- )*+,--4%5- <<8>=-@#-4"+,- %- 5+%12%&2-
2/0"%+"*1- *7- J8Q?8- D,/- :/%N5- 4/&/- #*5+$'- #%2/- 6:- *7- f1*&#%$g- ./$$5- 4"+,- %- $*4-
:/&./1+%3/-*7- f$*13g-./$$58-F..%5"*1%$$'- +,/&/-%&/-5$"3,+$'-,"3,/&-:/&./1+%3/5-*7- f$*13g-
./$$5-)6+-+,/'-1/0/&-&/%.,-%-5/:+%+"*1-"12/O-*7-3&/%+/&-+,%1-<<]-.*#:%&/2-+*-+,/-<LC
==]-"1-f1*&#%$g-./$$58-F0/&%$$-+,/&/-4%5-%-3/1/&%$-+&/12-%.&*55-%$$-5+&%"15-+,%+-+,/-)*+,--
5+&%"15-3&/4-5$"3,+$'-_6".N/&-+,%1-+,/"&-)*+,/!.*61+/&:%&+5-%12-%->+,-5/:+%+"*1-:/%N-4%5-
5//1-/0/1-"1-#6+%1+58-V+-"5-61.$/%&-4,'-+,"5-"5-+,/-.%5/-/5:/."%$$'-"1-%-UD-5+&%"1(-4,".,-
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"5-:&*7"."/1+-"1-)*+,-5/CS!^-%12-.7CS!^-&/:%"&-;+,"5-+&/12-4%5-*)5/&0/2-"1-5:*+-+/5+5-+**-
7"36&/-LCLE8-
-
?*+,-- 2/$/+"*1- 5+&%"15- 4/&/- 5,*41- +*- &/5.6/- 0"%)"$"+'- %12- +,/- ./$$- /$*13%+"*1-
:,/1*+':/- "1- #0"1,-! ;5/.+"*1- L8?E8- Y/$$- .'.$/- :&*3&/55"*1- "1- #0"1,-- 4%5- %$5*-
"10/5+"3%+/2- %7+/&- +,/- 2/$/+"*1- *7- )*+,8- V1- .*1+&%5+- +*-#0"1,-- "1- +,/- 5/CS!^- 5'5+/#-
#0"1,-! )*+,-- ,%2- 5,%&:- :/%N5- *7- 5/:+%+"*1- %+- K?J-#"16+/5- %12- ?JJ-#"16+/58- H/%N-
+,&//-,%2-%-&/26.+"*1-"1-+,/-16#)/&-*7-./$$5-+,%+-4/&/-.*15"2/&/2-f$*13g-%12-5/:+%+"138-
9+- +"#/- M/&*- +,/- %0/&%3/- ./$$- 5"M/-4%5- <=8>\- @#-4"+,- %- 5+%12%&2- 2/0"%+"*1- *7- <8K=(-
4,".,- "5-.*#:%&%)$/-+*-)*+,/!5+&%"18-W*4/0/&(-61$"N/-+,/-&+7<A-5+&%"1-+,%+-,%5-%- $%&3/-
"1.&/%5/-"1-+,/-%0/&%3/-./$$-5"M/-%7+/&-?JJ-#"16+/5(-%1-"1.&/%5/-"1-./$$- $/13+,-4%5-1*+-
*)5/&0/2- "1-#0"1,-! )*+,-8- D,/- $*55-*7- /$*13%+/2- ./$$5- %12- +,/- &/5+*&%+"*1-*7- +,/-K&2-
:/%N-*7- 5/:+%+"*1(- %$*13-4"+,- +,/- &/5.6/- 5//1- "1- 5:*+- +/5+- %12-#".&*.*$*1'-%1%$'5"5(-
56::*&+-+,/-,':*+,/5"5-+,%+-+,/-2/7/.+-"1-5/CS!^-&/:%"&-5//1-"1-#0"1,--"5-&/5.6/2-)'-
2/$/+"*1-*7-)*+,-8-
-
!"1./- 2/$/+"*1- *7- )*+,-- "#:&*0/2- +,/- 0"%)"$"+'- *7- "#$%&'(- $"N/- #0"1,-- ./$$- .'.$/-
:&*3&/55"*1-4%5-%1%$'5/28- V1-+,/-5/CS!^-5'5+/#-"#$%&'(-,%2-+4*-:/%N5-*7-5/:+%+"*1-
;:/%N5-K-%12-K8<E-%7+/&-+,/-./$$-.'.$/-4,/&/-+,/-5/CS!^-"5-7*&#/2(-"12".%+"0/-*7-2/$%'/2-
/1+&'- "1+*- +,/-#"+*5"5-4,"$/- %++/#:+5-4/&/-#%2/- +*- &/:%"&- +,/-)&/%N8- V7- "1- +,/- )*+,--
)%.N3&*612-"#$%&'(-#6+%1+5-4/&/-%)$/-+*-&/:%"&-+,/-ST9-)&/%N(-+,/1-:/%N-K8<-4*6$2-
1*+-)/-/O:/.+/2-+*-*..6&-%5-./$$5-4*6$2-1*-$*13/&-2/$%'-/1+&'-"1+*-#"+*5"5-%12-+,/-./$$-
$/13+,- %+- 5/:+%+"*1- 4*6$2- )/- .*#:%&%)$/- +*- +,*5/- 5//1- "1- :/%N- *1/- %12- +4*-
+,&*63,*6+-+,/-/1+"&/-+"#/-.*6&5/8--
-
D,/- *0/&%$$- 5/:+%+"*1- :$*+- 5//1- "1- )*+,-! "#$%&'(- 2*6)$/-#6+%1+5- 4%5-#*&/- &/36$%&-
+,%1-+,%+-5//1-"1-)*+,/-5+&%"15(-4"+,-+4*-.$/%&-:/%N5-%+-KJJ-%12->\J-#"16+/5-%12-#*5+-
5+&"N"13$'-:/%N-K8<-2"5%::/%&/28-9-7*6&+,-:/%N-4%5-5//1-%+-L?J-#"16+/5-;5"#"$%&-+*-UDE8-
V1- %22"+"*1(- /$*13%+/2- ./$$5- 4/&/- 1*- $*13/&- *)5/&0/2- %5- 7&/_6/1+$'- ;%0/&%3/- 5"M/- *7-
./$$5- %+- +"#/- J-4%5- <=8<>- @#(- 5+%12%&2- 2/0"%+"*1- *7- <8>?- %12- ./$$5-4/&/- .*15"2/&/2-
f$*13g-"7-+,/'-4/&/-$*13/&-+,%1-<K8G-@#E(-4"+,-+,/-!V-*7-/$*13%+/2-./$$5-)/+4//1-J-%12-
<J]-;4"+,-+,/-/O./:+"*1-*7-LLJ-#"16+/5-4,/&/-+,/-:/&./1+%3/-4%5-<<]E-.*#:%&/2-+*-
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=JCK?]- !V- *7- f1*&#%$g- ./$$5- %+- +,/- :/%N58- D,/5/- 2%+%- 56::*&+- +,/- &/5.6/- *7- "#$%&'(-
5+&%"15- )'- +,/-2/$/+"*1-*7- )*+,(- %5- +,/-2/$%'- %12- - +,/- ./$$- /$*13%+"*1-4/&/-1*- $*13/&-
5//1-;7"36&/-GCL-9E8--
!
D,/-./$$-.'.$/-:&*7"$/-*7-"#$%&.!)*+,--2*6)$/-#6+%1+5-4%5-#6.,-#*&/-"&&/36$%&(-+,/&/-
%&/-7/4/&-$*13-./$$5-)6+-+,/-5/:+%+"*1-:/%N5-4/&/-$/55-4/$$-2/7"1/28-9+-+"#/-J-"#$%&.!
)*+,--,%5-%1-%0/&%3/-5"M/-*7-<K8<<-@#-%12-%-5+%12%&2-0%&"%1./-*7-<8?L-%12-./$$5-*0/&-
<>8L-@#-4/&/-.*15"2/&/2- f$*13g8-D,"5- "5-%-0/&'-/$*13%+/2-)%5/- $/0/$- "1-.*#:%&"5*1-+*-
*+,/&- 5+&%"15- /O%#"1/2- "1- +,"5- %1%$'5"58- V1- .*1+&%5+- +*- +,/- 5/CS!^- 5'5+/#- 4,/&/-
5/:+%+"*1-:/%N-K-4%5-5:$"+-"1+*-+4*-:/%N5(-K-%12-K8<(-+,/&/-4%5-%1-/$*13%+/2-"&&/36$%&-
+,"&2-:/%N-7&*#->JJ-+*-??J-#"16+/58-D,"5-)&*%2-:/%N-"5-"12".%+"0/-*7-%-&/:%"&-2/7/.+-;.7-
#0"1,-- "1- +,/- 5/CS!^- 5'5+/#- 5/.+"*1- G8<8=E- D,/&/- 4%5- %$5*- %- :/%N- %+- %&*612- L=J-
#"16+/5(-4,".,-#%'-)/-%-7*6&+,-:/%N(-)6+-)/.%65/-*7-+,/- "&&/36$%&-1%+6&/-*7-+,/-./$$-
.'.$/- "+- "5- 2"77".6$+- +*- "1+/&:&/+8- D,"5-)&*%2-:/%N-K- "5- .*15"5+/1+-4"+,- +,/-#".&*.*$*1'-
%1%$'5"5(- 4,".,- 5,*4/2- +,%+- )*+,-- 2*/5- 1*+- &/5.6/- +,/- &/:%"&- 2/7/.+- "1- "#$%&.8-
W*4/0/&(-+,/-./$$-$/13+,-:,/1*+':/-4%5-&/26./2-5633/5+"13-+,%+(-%5-"1-&/5:*15/-+*-VX-
2%#%3/- )6+- "1- .*1+&%5+- +*- 5/CS!^- &/:%"&(- +,/- &/:%"&- 2/7/.+- "1- "#$%&.- &/56$+5- "1- %-
.,/.N:*"1+-#%"1+/1%1./-2/7/.+8-
!
;#L#C!!"#$%(!9-'!-!O(),P!:9&.3,7:&!1.!0&':3.'&!,3!(>?@6A!1.*)(,13.!
V1-*&2/&-+*-.,%&%.+/&"5/-+,/-&/:%"&-2/7/.+- "1-"#$%&.- "1-#*&/-2/+%"$-./$$5-4/&/-5+%"1/2-
4"+,-S9HV-%12-"#%3/2-%+-O<JJ-65"13-+,/-S/$+%0"5"*1-Y*&/SP8-Y%$.*7$6*&-4%5-1*+-65/2-
+*- 2/+/.+- 5/:+%+"*1- %5- +,/- )&"3,+- $"1/- %+- +,/-#"22$/- *7- +,/- ./$$5-#%2/- "+- 2"77".6$+- +*-
2/+/.+- l"55/3&/3%+/2-*&- "&&/36$%&-5/3#/1+5-*7-ST98-97+/&- VX-#%1'-S!^5-%&/-3/1/&%+/2-
$/%2"13-+*-#6$+":$/-.,&*#*5*#/-5/3&/3%+"*1-:&*)$/#5-"1-"#$%-#6+%1+5-;5/.+"*1-L8\E8-
9)/&&%1+-#"+*5/5-%&/-/%5"$'-2/+/.+/2-%5-.,&*#*5*#/5-7%"$-+*-5/3&/3%+/-%12-&/#%"1-"1-
+,/-./1+&/-*7- +,/-./$$-)"5/.+/2-)'- +,/- 5/:+6#(-*&-%&/- "1,/&"+/2-)'-%- 5"13$/-2%63,+/&(-
.,&*#*5*#/- )&"23/5- %&/- 5//1- %5- 5+&"135- *7- S9HV- 5+%"1/2- ST9- .*11/.+"13- +4*-
%1%:,%5/-16.$/"-%12- l"55/3&/3%+/2-.,&*#*5*#/-7&%3#/1+5-&/#%"1-"1-+,/-./1+&/-*7-+,/-
./$$8- - W*4/0/&- "1- +,"5- .7CS!^- 5'5+/#- +,/&/- "5- *1$'- *1/- )&/%N- :/&- ./$$- "1- ?J]-*7- ./$$5-
#%N"13-"+-2"77".6$+-+*-2/+/.+-.,&*#*5*#/-5/3&/3%+"*1-:&*)$/#58--
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V1- %- 7/4- .%5/5(- #"5/3&/3%+"*15- 4/&/- 5//1- 4"+,- +,/- %22"+"*1- *7- Y%$.*7$6*&- ,*4/0/&-
+,/5/-4/&/-4,/&/-$%&3/-5/.+"*15-*7-ST9-%::/%&/2-+*-)/- l"55/3&/3%+/2-7&*#-+,/-16.$/"-
1*+-Z65+-%-5"13$/-5+&%12-*7-ST9-;7"36&/-GCL-^E8-
-
V1-+,/-%1%$'5"5-*7-./$$5-7&*#-+,/-4,*$/-*7-:/%N-K-f.6+g-./$$5-4/&/-*)5/&0/2-%+-+,/-+"#/-
.*&&/5:*12"13-+*-+,/-:/%N-*7-5/:+%+"*1-"1-"#$%&.-)*+,-8--T*-%)/&&%1+-#"+*+".-./$$5-4/&/-
5.*&/2-%+-+"#/-:*"1+-J-./$$5-4/&/-%1%$'5/2-)6+-%+-+,/-:/%N-*7-5/:+%+"*1-%+-?QJ-#"16+/5-
?- *6+- *7- =K- ;<Q]E-#"+*+".- ./$$5-4/&/- 5,*41- +*- )/- %)/&&%1+8- D,"5- 16#)/&- "5- $*4(- )6+-
5"1./-*1$'-?J]-*7-./$$5-4*6$2-#%N/-+,/-)&/%N(-%12(-)%5/2-*1-#".&*.*$*1'-2%+%(-<L]-*7-
+,*5/-)&/%N5-4*6$2-)/- $/+,%$- /0/1+5(- +,/5/-16#)/&5- %&/-4"+,"1- +,/- /O:/.+/2- &%13/8-
D,/- :&/5/1./- *7- .6+- ./$$5- 5633/5+5- +,%+- "1- &/5:*15/- +*- %- .7CS!^- "#$%&.! ./$$5- .%11*+-
#%"1+%"1-+,/-.,/.N:*"1+-&/5:*15/-%12-./$$5-/1+/&-#"+*5"5-)/7*&/-&/:%"&-"5-.*#:$/+/8--
-
;#Q!89-0-(,&01'-,13.!3>!,9&!(9&(J:31.,!0&':3.'&!1.!'&?@6A!1.*)(,13.!
d*&-%..6&%+/-./$$C.'.$/-:&*3&/55"*1-+,/&/-%&/-.,/.N:*"1+5-+,%+-#65+-)/-:%55/2-+*-5"31%$-
+,%+-+,/-ST9-"5-"1+%.+-)/7*&/-#"+*5"5-%12-2"0"5"*18-D,/-.,/.N:*"1+-&/5:*15/-%7+/&-ST9-
2%#%3/- "1-[=- "5-#/2"%+/2-)'-Y,N<-%12- "1,")"+"*1-*7-&/:$".%+"*1-+&"33/&5-%-.,/.N:*"1+-
&/5:*15/- #/2"%+/2- )'- Y25<- ;%5- &/0"/4/2- "1- ;X,"12- %12- X655/$$(- =JJJE8- D*- +/5+- +,/-
,':*+,/5"5-+,%+-.,/.N:*"1+-%.+"0%+"*1-%12-#%"1+/1%1./-"5-$/%2"13-+*-/$*13%+"*1-"1-+,/-
"#$%&.(- "#$%&'(- %12-#0"1,-- #6+%1+5- *1- 5/CS!^- "126.+"*1- $5@,-- %12- $A",-- 4/&/-
.&*55/2-"1+*-+,/-5/CS!^-&/:%"&-5'5+/#-%12-#/%56&/#/1+5-*7-./$$-$/13+,-4/-.%&&"/2-*6+-
%7+/&-=>-,*6&5-"126.+"*1-;%5-"1-5/.+"*1-?8>E-
!
V1-UD-5+&%"15-+,/&/-4%5-1*-5"31"7".%1+-.,%13/-;HIJ8Q?-%12-J8\<E- "1-./$$- 5"M/-6:*1-+,/-
2/$/+"*1-*7-$A",-*&-$5@,-3/1/5-;$A",--%12-$5@,-- &/5:/.+"0/$'E(-%5-/O:/.+/2-5"1./-+,/-
UD-5+&%"1-4%5-:&*7"."/1+-"1-5/CS!^-&/:%"&8-V1-.*1+&%5+(-)*+,-"#$%&'(-%12-"#$%&.-,%5-%-
5"31"7".%1+-&/26.+"*1-"1-./$$- $/13+,-"1-$5@,--;HIJ8JK-%12-HIJ8JGE-4"+,-+,/-%0/&%3/-./$$-
$/13+,-2&*::"13-7&*#-<L8G-+*-<<8Q-@#-%12-<?-+*-<K8\-@#-&/5:/.+"0/$'8-S/$/+"*1-*7-$A",-
2"2-1*+-#%N/-%-5"31"7".%1+-2"77/&/1./-"1-%0/&%3/-./$$-$/13+,-"1-/"+,/&-"#$%&'(-*&-"#$%&.!
4,/1-+,/-5/CS!^-4%5-"126./28-D,65(-+,/-./$$-/$*13%+"*1-:,/1*+':/-4%5-2/:/12/1+-*1-
%.+"0%+"*1-*7- +,/-ST9-2%#%3/- .,/.N:*"1+- %12-1*+- +,/- !- :,%5/- &/:$".%+"*1- "1,")"+"*1-
.,/.N:*"1+-;7"36&/-GCLE8-
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!"##$%&%#"$'"#(&$()'$*+"$"#,)-(*"'$%"##$.+"),*&."$ /)!"#$%&'!0(1$(#1,$'".")'")*$,)$
()*&$ (1$ *+"$(2"3(-"$ %"##$ #")-*+$ 3"'4%"'$ 53,6$789:$ *,$7;9<:$=6$ /)$()*&'! 1*3(/)19$>,$
1/-)/5/%()*$%+()-"1$/)$%"##$#")-*+$0"3"$1"")$/)$"/*+"3$(+$&'$/)$"#$%&',$$
$
?/)%"$ /*$0(1$.,11/@#"$*+(*$*+"$3"'4%*/,)$ /)$%"##$ #")-*+$1"")$(5*"3$ /)$*+"$()*&'$0(1$()$
(3*"5(%*$,5$3"'4%"'$,3$#/6/*"'$/6.3/)*/)-$/)$%"##1$4)(@#"$*,$/)/*/(*"$%+"%A.,/)*$3"1.,)1"$
*+"$ .3"1")%"$ ,5$ *+"$ /6.3/)*$ 0(1$ %,)5/36"'$ @&$ ?,4*+"3)$ @#,*$ ()(#&1/1$ B1"%*/,)$ <9CD$
E6.3/)*/)-$+('$.3"2/,41#&$@"")$1+,0)$(1$'"*"%*(@#"$53,6$;F$6/)4*"1$(5*"3$ /)'4%*/,)$
/)$ ()$ (1&)%+3,),41$ %4#*43"$ ()'$ 54##&$ /)'4%"'$ (5*"3$ (..3,G/6(*"#&$ ;$ +,431$ /)$ HI9$ E)$
()*&'$'"#"*/,)$1*3(/)1J$(#*+,4-+$/6.3/)*/)-$/)/*/(##&$(.."(3"'$*,$@"$1#/-+*#&$3"'4%"'$(1$
($ 3"'4%"'$ /)*")1/*&$ ,5$ *+"$ K9K$ A@$ @()'$ 0(1$ 1"")$ /)$ *+"$ <$ +,43$ */6"$ .,/)*J$ #"2"#1$
1*(@/#/1"'$(*$()*-$#"2"#1$(5*"3$;$+,431$5/-43"$CL8D9$E*$/1$4)#/A"#&$*+(*$*+/1$3"'4%*/,)$0,4#'$
+(2"$ ()$ "55"%*$ /)$ *+"$ %"##$ #")-*+$ ()(#&1/1$ (1$ %"##1$ (3"$ /)'4%"'$ 5,3$ (..3,G/6(*"#&$ <M$
+,4319$
$
!"#$%&''()*$$
N)(#&1/1$,5$ %"##$ %&%#"$.3,-3"11/,)$ /)$ 1&)%+3,)/1"'$ %4#*43"1$ 1+,0"'$ *+(*$ 1"LO?P$,3$ %5L
O?P$ /)'4%*/,)$ /)$ QI$ %"##1$ ',"1$ ),*$ #"('$ *,$ ($ '"#(&$ *,$ 6/*,1/19$ E)$"#$%&'$ 1"LO?P$
/)'4%*/,)$ B@4*$ ),*$ %5LO?P$ /)'4%*/,)D$ #"'$ *,$ !+A7L'".")'")*$ %"##$ "#,)-(*/,)$ ()'$ *+"$
6(R,3/*&$,5$*+,1"$"#,)-(*"'$%"##1$'/'$),*$")*"3$6/*,1/19$E)$%,)*3(1*J$/)$3"1.,)1"$*,$1"L
O?P$ /)'4%*/,)$ *+"$ $"(.$ 64*()*1$ "#,)-(*"'J$ '".")'")*$ ,)$ !+A7J$ ()'$ 6/*,1/1$ 0(1$
'"#(&"'$ -/2/)-$ 3/1"$ *,$ ($ ."(A$ B;97D$ ,5$ '"#(&"'$ 1".*(*/,)$ 7<F$6/)$ (5*"3$ ."(A$ ;9$ I+/1$
14--"1*1$*+(*$?6%:SK$+(1$($1#/-+*#&$'/55"3")*$3,#"$/)$1"LO?P$3".(/3$*,$T4187$()'$*+/1$/1$
3"5#"%*"'$/)$*+"$#"11$1"2"3"$.+"),*&."9$$
$
E)$3"1.,)1"$*,$%5LO?P$/)'4%*/,)$)"/*+"3$$"(.$64*()*$"#,)-(*"'$()'$*+"3"5,3"$),$."(A$
;97$0(1$ 1"")9$Q+/#"$ 2/(@/#/*&$ /)$ $"(./01$0(1$ 3"1*,3"'J$ /*$0(1$),*$ /)$ $"(./2$ ()'$ *+/1$
%,33"#(*"'$0/*+$(@"33()*$6/*,*/%$%"##1J$ /)'/%(*/2"$,5$($%+"%A.,/)*$6(/)*")()%"$'"5"%*J$
0+"3"$ %"##1$ -"*$ *,$ *+"$.,/)*$ /)$ 3".(/3$0+"3"$ *+"3"$ /1$),$ 11O>N$ *,$ 1/-)(#$ *,$ *+"$O>N$
'(6(-"$ %+"%A.,/)*$ ()'$ 1,$ %"##1$ ")*"3$ 6/*,1/1$ @"5,3"$ 3".(/3$ /1$ %,6.#"*"9$ I+/1$ /1$
%,)1/1*")*$ 0/*+$ *+"$ .4@#/1+"'$ %+"%A.,/)*$ 6(/)*")()%"$ '"5"%*$ 5,3$ @,*+$ 64*()*1$ /)$
3"1.,)1"$ *,$ 3".#/%(*/,)$ /)+/@/*/,)$ ()'$ O>N$ '(6(-/)-$ (-")*1$ 14%+$ (1$ EU$ ()'$ VW9$ E*$
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+/-+#/-+*1$*+"$4)/X4"$3"1.,)1"$*,$($1"LO?P$0+"3"$@,*+$$"(.$64*()*1$'"#(&"'$*+"$%"##$
%&%#"$5,3$7<F6/)9$
$
I+"$?6%:SK$%,6.#"G$+(1$@"")$1+,0)$*,$ 3"-4#(*"$YZ$ 3"1,#4*/,)$()'$%,+"1/)$ 3"6,2(#$
(5*"3$O>N$'(6(-"$,3$3".#/%(*/,)$/)+/@/*/,)$BP3()["/$()'$\,/()/J$<FFCJ$]"@"3)(3'$"*$(#9J$
<FFKJ$I(./(LN#2"(#$"*$(#9J$<F7FD9$\43*+"3$0,3A$/1$)""'"'$*,$'"*"36/)"$0+/%+$'"5"%*$ /1$
3"1.,)1/@#"$ 5,3$ *+"$ #,11$,5$2/(@/#/*&$(5*"3$ 1"LO?P$ /)'4%*/,)9$I+"$?6%:SK$%,6.#"G$6(&$
5(%/#/*(*"$T4187$(%*/2/*&$/)$YZ$3"1,#4*/,)$/)$1"LO?P$3".(/39$E*$/1$.,11/@#"$*+(*$'43/)-$*+"$
'"#(&$ /)"55/%/")*$ ,3$ #(*"$ (%*/)-$ .(*+0(&1$ "55"%*$T4187$ 3"%34/*6")*$ /)'".")'")*#&$ ,5$
?6%:SK9$N#*"3)(*/2"#&J$'43/)-$*+"$7<F6/)$'"#(&$*+"$@(33/"3$(*$UI?7$/1$,2"3%,6"$()'$($
%,)2"3-/)-$ 5,3A$ 41"'$ *,$ 3".(/3$ *+"$ @3"(A9$ I+/1$ 0,4#'$ @"$ %,)1/1*")*$ 0/*+$ *+"$
,@1"32(*/,)$*+(*$345&'$ 3"1%4"1$2/(@/#/*&$ /)$$"(./01!()'$(#1,$*+(*!'43/)-$%5LO?P$3".(/3$
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+,(-./)$0$1$234&(534367$.,/$43675/8/69/9$9:&;5/84.)(69$;)/(<$
&4367$53=/$>/55$3'(7367$
$
0"?$@6.):9&>.3:6$ $
U,1"(4#/)$"*9$(#,$<FF8$1+,0"'$*+(*$*+"$U(':<$"./1*(1/1$-3,4.$0(1$"11")*/(#$5,3$3".(/3$/)$
6(*/)-L*&."$ 10/*%+/)-$ ()'$ /)$ 1"LO?P$ 3".(/3$ ()'$ 2/(@/#/*&$ (11(&1$ /)$ *+/1$ 1*4'&$ 41/)-$
3)67&'$()'$3)670'$64*()*1$0(1$%,)1/1*")*$0/*+$*+/19$E)$*+/1$%+(.*"3$*+"$*/6/)-$,5$YU$
3".(/3$0(1$/)2"1*/-(*"'$@&$5,##,0/)-$U(':<L_\]$5,%41$5,36(*/,)$@&$#/2"$%"##$/6(-/)-$/)$
*+"$ /)'4%/@#"$ 1"LO?P$ 3".(/3$ 1&1*"69$ E)$ *+/1$ 1&1*"6$ *+"$O?P$,%%431$ /)$,)"$,5$ *+"$ *0,$
'(4-+*"3$%"##1$/)$*+"$1"%,)'$%"##$%&%#"$(5*"3$/)'4%*/,)$B5/-43"$897D9$?/)%"$/)$8,!69":;$?$
.+(1"$ /1$ %,/)%/'")*$0/*+$ 1".*(*/,)$ *+"$ *0,$ '(4-+*"3$ %"##1$ (3"$ 1*/##$ (**(%+"'$ ()'$ *+/1$
.3,2/'"1$($1/'"L@&L1/'"$%,6.(3/1,)$,5$*+"$*0,$%"##1J$,)"$/6.3/)*/)-J$,)"$0/*+$*+"$O?P9$
N$1/)-#"$U(':<L_\]$5,%41$/)$,)"$%"##$0,4#'$@"$/)'/%(*/2"$,5$O?P$5,36(*/,)J$+,0$#,)-$/*$
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Total Foci 
Total Cells No Foci Non-se-DSB se-DSB Foci 
WT 108 62 12 34 
% 57.4 11.1 31.5 
smc6-74 118 59 20 39 
% 50.0 16.9 33.1 
smc6-X 58 29 12 17 
% 50.0 20.7 29.3 
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Total Foci Fate of se-DSB Foci 
Total 
Cells No Foci Non-se-DSB 
se-DSB 
Foci 
No 
Mitosis Mitosis Delay 
Persistent 
Foci 
WT 108 62 12 34 15 15 0 4 
% 57.4 11.1 31.5 44.0 44.0 0.0 12.0 
smc6-74 118 59 20 39 26 2 6 5 
% 50.0 16.9 33.1 67.0 5.0 15.0 13.0 
smc6-X 58 29 12 17 14 0 0 3 
% 50.0 20.7 29.3 82.0 0.0 0.0 18.0 
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